SUMMARY Surveys were conducted in four areas in Wales with differing degrees of environmental lead. In two areas the source of the lead was traffic and in one it was spoil from lead mining in the past. The fourth area, which served as a control, was a village remote from heavy traffic, industry, and lead mining. Various environmental samples were taken, and children aged 1-3 years and their mothers were studied. Blood lead concentrations were raised in the lead mining area, and within the areas defined by traffic flow the blood lead concentrations of the mothers showed a gradient. Pica in the children, assessed by a questionnaire, showed no relation with blood lead, but the amount of lead removed from the children's hands with 'wet wipes' was an important contributor to blood lead concentrations.
Pica may be defined as the ingestion of alien, non-food substances. It may occur either through deliberate ingestion or through the mouthing of objects or hands. Pica is common in very young children and it has been suggested in explanations of the higher blood lead concentrations that occur in children compared with adults. In areas with high environmental concentrations of lead pica might lead to a serious increment in the lead intake of young children. The problem of pica has usually been studied in clinical situations, and individual children who present with lead poisoning are often found to have ingested soil, dust, or paint heavily contaminated with lead. [1] [2] [3] More recently epidemiological studies of groups of children have suggested that pica is common in young children but they have not shown any consistent relation between pica and concentrations of lead in the body.49
We report studies of blood lead concentrations in young children; of pica, assessed by questionnaire; and of hand lead measured by a 'wet wipe' technique. Studies were conducted in two areas close to heavy traffic, in one of which old lead mining activity had led to a very high environmental levels of lead,'10 1 and in a control area remote from traffic and contamination by lead mining.
Method
The busiest roads in South Wales, excluding the urban area of Cardiff and the M4 motorway, are the main 'A' roads through the South Wales valleys. These carry traffic in excess of 12 000 vehicles a day. Stretches of these roads about three miles long were defined in three of the valleys, and all the houses on the roadside-that is, with no garden or waste area between them and the pavement-were identified. Similar houses in culs de sac off these roads, with no through traffic, were identified. Traffic flow estimates were not available for the culs de sac but were likely to be very low indeed. To match for social class, only similar houses in these culs de sac were identified-namely, houses with no front gardens. A preliminary survey of all these dwellings was conducted to identify all children aged 1-3 years inclusive. These children and their mothers formed two of the population samples studied: one of subjects living very close to heavy traffic and the other of subjects who lived some distance (50-250 m) from heavy traffic.
A further population sample was drawn from an area very heavily contaminated by spoil from lead mining in the past with soil lead concentrations up to 48 ,umol (10 000 ,ug)/g. A census was conducted, and all children aged 1-3 years and their mothers were identified.
The control population consisted of all children aged 1- three 'wet wipes' (paper towels soaked in an alcohol based cleansing solution). She was asked to clean her own hands thoroughly with a wet wipe at the end of a normal day and then seal the wet wipe in a plastic bag. She was then asked to clean the hands of her child thoroughly with another wet wipe paying particular attention to the nails, and seal this in another bag. The third wet wipe was used to wipe down the food preparation surfaces in the kitchen. Capillary blood samples were then taken from the children and venous samples from the mothers. In an independent investigation the accuracy of capillary sampling was evaluated: venous samples were taken from a random half of a population sample of 60 children and capillary samples from the others; the coefficients of variation were 44% for the venous and 39% for the capillary samples indicating that contamination of capillary samples was trivial. The mean concentration in the capillary samples, however, was 37% higher than that in the venous samples, probably owing to haemoconcentration of capillary blood.
Mixed batches of samples from all the areas were submitted to the laboratories and lead concentrations were estimated without knowledge of the area from which they had come. The soil and dust samples were dried, lightly ground, and sieved with a nylon mesh of aperture 2 mm. Lead content was estimated, after extraction with hot concentrated nitric acid, by atomic absorption spectrophotometry with flameless electrothermal excitation. Because of considerable skewness in the lead values of samples from all the environmental sources log transformation was used.
The reproducibility of estimate of lead value in each environmental source was examined by repeating the collection of samples after an interval of about two months. The coefficient of variation (SD/mean x 100%), based on the duplicate pairs and after logarithmic transformation, was 9% for pavement dust (22 dwellings) and 10% for house dust (25 dwellings). The coefficient of variation of child hand lead using the 'wet wipe' technique was 19% (based on 17 children). The coefficient of variation of blood lead estimation, based on blind duplicate samples of venous blood, was around 7%.
Results Table 1 gives details of the population samples, and Table 3 gives the blood lead concentrations in the various population samples. In both the children and their mothers the area that differed most from the control village was the former mining area. In children the excess in mean blood lead concentration was about 30% (P<0-05) and in mothers it was about 50% (P<0-001). The only other significant difference from the control village was in the mothers in the roadside dwellings (P<0.05), Table 3 although the excess in mean blood lead concentration was only about 13%. The relevance of pica and related activities was then examined. The data obtained by questionnaire showed no consistent association within any area, or within all areas combined, between incidence of pica and the mean blood lead concentration. Table 4 summarises the results of the wet wipe study. Within the roadside dwellings, the culs de sac dwellings, and the control village the means from all three sources-namely, mothers' hands, children's hands, and kitchen surfaces-were remarkably similar. On the other hand, in the old lead mining area there was an excess for each of the sources compared with the control area of about 40% for the lead on the mothers' hands, 45% for the lead on the children's hands, and 35% for lead on the food preparation surfaces. Only the difference for the children's hands, however, was significant (P<0.05).
The wet wipe data for the children were examined further by correlation. Because of the significant differences between blood lead concentrations and hand lead concentrations, the data for the old lead mining area were examined separately, but the data for the other areas were pooled. Table 5 confirms that in the most heavily contaminated area hand lead correlated significantly with blood lead concentrations. The other correlation that reached statistical significance was between blood lead in children and lead on the food preparation surface in the control area. Multiple regression analyses confirmed these general findings in that within the lead contaminated area the amount of lead removed by the wet wipes from children's hands was the only significant contributor to the children's blood lead concentrations.
We finally analysed the association between the wet wipe lead results and social class, based on the occupation of the head of each household (Table 6 ). Evidence suggested a trend towards higher mean lead values with lower social classes in the data for mothers' hands and the food preparation surfaces, but none of the differences was statistically significant.
Discussion
The measurement of pica is difficult. ' 
